ABSTRACT. An 8-year-old female Golden Retriever had an oral mass and lameness. Multiple osteolysis of the systemic skeleton without monoclonal gammopathy was shown on electrophoresis of serum and urine samples. Cytological and histopathological examinations of the oral mass revealed atypical polymorphic cells similar to myeloid cells, and bone marrow aspiration indicated that these abnormal cells also might have invaded the bone marrow. These cells were negative to peroxidase and non-specific esterase staining, and clonal expansion of B lymphocytes could be detected by polymerase chain reaction (PCR) assay for antigen receptor gene rearrangement. The case was diagnosed as atypical lymphoma and treated by multi-drug chemotherapy. On the 142nd day after the first admission, the case had remission and the oral mass and multiple osteolysis were improved.
Canine lymphoma is defined as a lymphoid neoplasm that originates in solid hematological organs including the lymph nodes, liver, spleen, skin, central nervous system, and eyes [5, 13] . Lymphoma is one of the most common canine neoplasms, accounting for 5-7% of all canine tumors and 85% of canine hematological tumors [5, 13, 14] . The multicentric form is the most common type and accounts for more than 80% of all cases; however, oral masses are uncommon in lymphoma [13, 14] . The tumor cells are often composed of round nuclei and cytoplasm like mature or immature lymphocytes. However, a few cases show atypical forms, like monocytic cells. In most cases, the diagnosis of canine lymphoma is made by cytological and histopathological examinations. Recently, Burnett et al. reported that analysis of the multiple morphology of lymphocyte antigen receptor genes may be a useful tool for determining the clonality of lymphocytes [1, 3] . We diagnosed a case of canine atypical lymphoma with an oral mass and multiple osteolysis by using clonal analysis.
An 8-year-old female Golden Retriever weighing 28 kg was referred to the Veterinary Teaching Hospital of Azabu University for detailed examination of an oral mass and lameness. At the first admission, the activity and appetite were normal, although weight loss was seen (body condition score: 2). Physical examination revealed large (diameter: 3.5 cm) and small (diameter: 0.8 cm) soft round masses in the left maxilla (Fig. 1a) , and another small mass (diameter: 0.8 cm) was located in the gums of the left mandible. The complete blood count and blood chemistries were normal (Table 1a) . Total protein, albumin, and A/G ratio were 6.4 g/dl, 3.1 g/dl, and 0.94, respectively. The protein concentration and specific gravity of urine were 0.273 g/dl and 1.040, respectively. No monoclonal gammopathy was seen on electrophoresis of serum and urine samples. X-ray examination revealed multiple sites of osteolysis (punched-out areas) in the jaw bone, thoracic vertebrae, lumbar vertebrae (Fig. 1c) , breast bone, rib, ilium, and ulnoradial bone (Fig.  1d ), but no other abnormality indicating the existence of tumors was seen. Eight days after the initial admission, biopsy samples were obtained from a spur of the ilium with osteolysis and the oral mass. On histopathological examination, the sample obtained from the spur showed normal bone and cartilaginous tissue. The specimen from the oral mass contained large myeloid-like cells with dark-blue cytoplasm and lobed nuclei (Fig. 2) , but the presence of a plasmacytoma was not confirmed. The case was suspected to be a myeloid neoplasm based on the histopathological examination. Twenty-three days after the initial admission, bone marrow aspiration was performed. The bone marrow was normocellular, and the myeloid:erythroid ratio was 0.72. The percentage of blasts was normal (2.1%), and erythroid and myeloid cells were well differentiated (Table 1b) . A small number, 5% of all nucleated cells, of large atypical mononuclear cells like the tumor cells derived from the oral mass were seen in the bone marrow. Cytochemical examinations, including peroxidase and non-specific esterase (α-butyrate) stains, were negative for the large atypical mononuclear cells seen in the oral mass and bone marrow tissue. Because myelocytic and monocytic neoplasms were excluded by the results of the cytochemical examination, clonal analysis of lymphocytes was performed. The polymerase chain reaction (PCR) for antigen receptor rearrange-ments (PARR) was used to clarify the neoplastic proliferation of lymphocytes and to determine the populations of B and T lymphocytes [1] . Clonal analysis was performed according to the protocol that was previously reported by Burnett et al. [1] . The results of clonal analysis were positive for the clonal expansion of B lymphocytes (IgH major) but not T lymphocytes in the oral mass tissues (Fig. 3 ). An extra-bone marrow plasmacytoma was excluded because there was no evidence of a mass of plasma cells was present in the oral cavity, skin, or gastrointestinal system on ocular, X-ray, ultrasound, and cytological examinations. Based on these results, the case was diagnosed as atypical B cell lymphoma.
The case was treated by multi-drug chemotherapy, including vincristine, L-asparaginase, cyclophosphamide, doxorubicin, and prednisolone. As induction therapy, vincristine (0.6 mg/m 2 ) was administered intravenously (IV) and prednisolone (1 mg/kg, daily) was given orally on day 28. After administration of vincristine, facial paralysis was seen. When cyclophosphamide (50 mg/m 2 , days 32, 33, and 34) was administered orally, the size of the oral masses decreased. After L-asparaginase (10,000 U/m 2 ) was administered subcutaneously on day 38, severe vomiting and diarrhea occurred. Chemotherapy was discontinued, and the case was treated with an H 2 blocker and fluid therapy. Chemotherapy with vincristine (day 52) and cyclophosphamide (days 56, 57, and 58) was resumed by the referring veterinarian, but complete remission was not seen. To achieve complete remission, doxorubicin (1 mg/kg, IV on days 60, 82, 102, and 123) was administered by the referring veterinarian. By day 142, the size of the oral mass was reduced and multiple osteolysis was improved. The diameter of the largest oral mass had decreased from 3.5 to 2.5 cm and other small masses had disappeared (Fig. 1b) ; fine needle biopsy confirmed the absence of neoplastic cells. Clinical signs of lameness, weight loss, and systemic osteolysis were considerably improved (Fig. 1e) .
The occurrence of lymphoma in the oral mucosa is rare, and an atypical lymphoma similar to myeloid cells has not been reported in the veterinary field [13] . Furthermore, the morphology of the neoplastic cells was different from typical canine lymphoma; indeed, this is the first report describing an atypical lymphoma occurring in the oral region. Canine lymphoma may be histologically classified by the 2 most useful classification systems: the National Cancer Institute Working Formulation (NCI-WF) and the Kiel Classification [2, 8] . Both systems describe mitotic index, cell size, and cell shape. The NCI-WF system classifies lymphoma cells based on lymph node architectural pattern (diffuse vs. follicular) and cell type (small cleaved, large cell vs. immunoblastic) [2] . In addition to the descriptive pattern, the Kiel system also incorporates morphology (centroblastic, centrocytic, and immunoblastic) and immunophenotype [8] . However, the type of lymphoma cell with atypical myeloid cell-like nuclei and a large quantity of cytoplasm has not been defined. In human medicine, nonHodgkin's lymphoma occurring in the infraorbital region has been reported; the morphology of the neoplastic cells was atypically large lymphocytes, and the immunophenotype was confirmed as B cell lymphoma [7] . We think that the present case is similar because the cell immunophenotype and anatomic location of the tumor corresponded. The present case also showed severe systemic osteolysis as a paraneoplastic syndrome, which was seen in multiple myeloma, lymphoma, osteosarcoma, hemangiosarcoma, and transitional cell carcinoma [4] . In general, osteolysis is due to secretion of parathyroid hormone-related protein (PTHrP) by lymphoid tumor cells; most cases were defined as T cell type lymphoma [6, 9] . In addition, systemic osteolysis with punched-out sites is often seen in multiple myeloma due to osteoclast-activating factor (OAF) produced by plasmacytes and mature B cells. Hematological malignancies such as myeloma and adult T-cell lymphoma/ leukemia can induce bone lesions because many of the factors that increase osteoblast formation and activation are produced by lymphocytes and monocytes [11] . For example, lymphocytes can produce interleukin-1 (IL-1), IL-6, colony-stimulating factors, and lymphotoxin. Further, macrophages can produce tumor necrosis factor-alpha (TNF-α), IL-1, granulocyte-macrophage-colony stimulating factor (GM-CSF), IL-6, and macrophage-colony stimulating factor Fig. 1 . Oral mass and radiography on first admission and after chemotherapy. The oral mass at the time of the initial admission (before chemotherapy) was large and round and the tissue was soft. b: The oral mass after chemotherapy (142 days after admission) was smaller, and the tissue showed scar formation and hardening. c: Osteolysis (punched-out sites) of the lumbar vertebrae at admission; d: osteolysis of the left ulnoradial bone at admission. e: The osteolysis of the left ulnoradial bone was decreased after chemotherapy (142 days after admission). (M-CSF). These cytokines have been shown to increase osteoblast formation and/or osteoclastic bone resorption. We suspect that the osteolysis might be caused by OAF as multiple myeloma in this case of B cell lymphoma. In fact, a human case presenting with multiple osteolysis due to a diffuse large B-cell lymphoma in which overexpression of an OAF-related gene, macrophage inflammatory protein-1 alpha (MIP-1α), has been reported [10] . In the future, assessment of serum PTHrP and OAF concentrations will be required to clarify the pathogenesis of osteolysis related to atypical lymphoma. In general, the detection of canine lymphoma relies on cytological or histological examination of lymphoid tissue and masses [2, 8] . However, it would be difficult to detect lymphoma in a cavity fluid that contains a large number of mature lymphocytes and in cases of low-grade lymphoma in the early stage of disease [8] . Burnett et al. proposed that molecular analysis of the rearrangement of the lymphocyte antigen receptor gene was the most useful assay for detecting the neoplastic proliferation of lymphoid tissue [1] . Immunoglobulin gene rearrangement in B cells and T cell receptor (TCR) gene rearrangement in T cells can be detected by the PCR method, which has been characterized as a highly sensitive and specific assay [1, 3] . In our case, the character of the tumor cells and the neoplastic proliferation could be defined by clonal analysis, but not by cytological or histopathological examinations.
The dog was treated with multi-drug chemotherapy including vincristine, L-asparaginase, cyclophosphamide, doxorubicin, and prednisolone. We planned to use the COP protocol to treat the dog, but an adverse reaction was seen and remission was not achieved. Subsequently, treatment with doxorubicin reduced the mass and ameliorated the osteolysis. In general, cutaneous epitheliotropic lymphoma is known to be refractory to chemotherapy, so a therapeutic regime using a strong agent like doxorubicin may be needed to treat oral lymphomas like this case. Risbon et al. indicated that CCNU (Lomustine) treatment was effective for 83% of canine cutaneous epitheliotropic lymphoma cases, so this agent may be useful to achieve complete remission of oral lymphoma [12] .
We conclude that this dog exhibited atypical lymphoma and that analysis by PCR was the most helpful tool to confirm this type of lymphoma. Fig. 3 . PCR analysis of immunogloblin gene rearrangement in B lymphocytes. Clonal analysis of immunoglobulin heavy chain (IgH) by PCR was performed as previously described by Burnett et al. [1] . Briefly, DNA samples were prepared using the QIAamp DNA mini kit from Qiagen. For each sample, PCR was performed using CB1 and CB2 primers (IgH major) [1] . The PCR products were then electrophoresed on a 10% native polyacrylamide gel. Amplifications for IgH minor (a smaller population of IgH gene rearrangements), TCRγ (T-cell receptor γ gene rearrangements), and Cµ (positive control for DNA extraction and PCR amplification) were also performed and analyzed (data not shown).
Discrete bands (about 120 bp) show the presence of clonal expansion of B lymphocytes. Lane 1, oral mass; lane 2, positive control obtained from a case of confirmed canine lymphoma; lane 3, negative control using distilled water instead of template DNA.
